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[bookmark: _Toc459104229]PURPOSE OF TEST
This report will describe the testing methodology and provide the results from testing 2014 Dodge Charger vehicles equipped with 3.6L naturally aspirated V6 engines and eight-speed 845RE transmissions.  Testing was conducted on a chassis dynamometer and data were obtained from vehicle CAN, the dynamometer control system, and emissions reports.

The testing was conducted as part of a project to determine vehicle behavior over standard vehicle cycles (FTP, HWFET, and US06), and to evaluate the effect of changing the transmission while keeping other vehicle attributes the same.  The overall project is described in more detail in SAE 2016-01-1142 [Effect of Advanced Automatic Transmissions on Fuel Consumption].pdf. [1] Additional testing performed in support of this project is described in NCAT’s 2014 Dodge Charger Vehicles with 3.6L & W5A580 Tier 2 Fuel – Test Data Package.  Results of this study may also be used in the ALPHA (Advanced Light-Duty Powertrain & Hybrid Analysis) model.

[bookmark: _Hlk5170926]
[bookmark: _Toc459104231]DEFINITIONS
	CAN
	Controller Area Network, method of communication for pertinent on-board vehicle information and conditions




[bookmark: _Toc459104232]DESCRIPTION OF TEST ARTICLE
Two separate 2014 Dodge Charger SXT vehicles built with 3.6 liter V6 engines and eight-speed 845RE transmissions were tested.  Table 1 summarizes information that identifies the vehicles used in this test program.   

Table 1: Summary of Vehicle and Engine Identification Information
	Vehicle (MY, Make, Model)
	2014 Dodge Charger SXT

	Vehicle Identification Numbers
	Vehicle #1 - 2C3CDXHG1EH232271
Vehicle #2 - 2C3CDXBGXEH284491

	Tires
	P215/65R17 BSW All Season Tires

	Engine Family
	3.6L V6 Pentastar 24-Valve VVT Engine

	Transmission
	845RE Eight-Speed Automatic

	Rear End Ratio
	2.65

	Test Group
	ECRXV03.65P0




[bookmark: _Toc459104233]

TEST SITE
This testing was performed in the National Vehicle & Fuel Emissions Laboratory (NVFEL) test site dynamometer #1.  

[bookmark: _Toc459104234]Test Equipment
The test equipment installed in NVFEL test site includes a chassis dynamometer and MEXA emissions bench.  This equipment is maintained and calibrated according to the testing requirements specified in 40CFR§86 and 40CFR§1065 referencing relevant work instructions documented in accordance with NVFEL’s ISO 17025 accredited quality system.

Data from the vehicle were obtained from the onboard vehicle CAN and were recorded with a KrakSpy data logger, an internally developed NCAT data acquisition system.  The CAN data included vehicle speed, engine speed and torque, and transmission gear, as well as other engine and transmission signals of interest at the time of testing.  No other discrete instrumentation was included.

[bookmark: _Toc459104235]Vehicle and Engine Setup
Figure 1 illustrates the engine setup and data collection method utilized in the test cell.  The signals shown in Figure 1 are not a complete set of the signals collected, but rather the most important signals used for component efficiency mapping.  

[image: ]
Figure 1: Schematic of the Vehicle on the Dynamometer

[bookmark: _Toc456265254][bookmark: _Toc459104236]Vehicle Preparation
Vehicle #1 (VIN 2C3CDXHG1EH232271) was received new, and was driven until there were 1000 miles on the odometer as a break-in to ensure transmission frictional performance was stabilized.  Vehicle #2 (VIN 2C3CDXBGXEH284491) was received with over 16,000 miles on the odometer, thus no break-in was necessary.  
The vehicles were put into rolls mode by the manufacturer to allow testing on the 2WD dynamometer while avoiding fault codes related to the front wheels remaining stationary.  The goal of this project was to evaluate the effect of changing the transmission while keeping other vehicle attributes the same; therefore, the same dynamometer set coefficients were utilized in testing both the five-speed and the eight-speed vehicles to ensure the same powertrain load was provided as part of the evaluation.  The dynamometer set coefficients were derived by performing a road load derivation on the five-speed Dodge Charger (reference NCAT’s 2014 Dodge Charger Vehicles with 3.6L & W5A580 Tier 2 Fuel – Test Data Package).  The dynamometer set coefficients are listed below in Table 2.  

Table 2: Dynamometer Set Coefficients
	Equivalent Test Weight
	4250 lb

	Set Coefficient A
	9.68 lbf

	Set Coefficient B
	0.3981 lbf/mph

	Set Coefficient C
	0.01547 lbf/mph2




[bookmark: _Toc456265255][bookmark: _Toc459104237]TEST METHODOLOGY
[bookmark: _Toc456265256][bookmark: _Toc459104238]Test Fuel
[bookmark: _GoBack]The primary properties of the fuel used in this test program are shown in Table 3 below.  A detailed summary of the fuel analysis performed, and results measured for the Tier 2 fuel utilized in the test program can be found in the file: 5– NVFEL Fuel Analysis Report 23945.pdf.

Table 3: Fuel Properties
	FTAG
	23945

	Antiknock
	92.65
	AKI

	Net Heating Value
	18438.07
	BTU/lb

	Alcohol Content
	0.00
	%



[bookmark: _Toc456265257][bookmark: _Toc459104239]Quality Procedures
This test program is covered by the Light-Duty Greenhouse Gas Test Program: Evaluating Potential Future Vehicle Technologies Quality Assurance Project Plan (QAPP).
[bookmark: _Toc459104240]DATA SET DEFINITION
The data sets included in this test report are divided into two portions: totalized cycle fuel economy and emissions and select CAN and dynamometer signals recorded at 10 Hz during cycle testing.  The data sets are provided for each of the standard test cycles tests conducted.
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[bookmark: _Toc459104241]Test Points

a) 8-Speed Data Log Files include fully recorded CAN and dynamometer signal data for three selected tests.  For each of these tests, the data set includes a set of 10 Hz time-stamped signals recorded from vehicle CAN, a set of 10 Hz time-stamped signals recorded from the dynamometer, and the associated emissions test report.  CAN and dynamometer data are time-synched in post-processing as described below.  Each individual data set contains the list along with a description of the test parameters obtained.  
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b) 8-Speed Emissions Results include the totalized cycle fuel economy for each standard test cycle for the six tests conducted.  Each test includes the totalized emissions for the entire cycle, and by bag where appropriate, in the data set.


[bookmark: _Toc459104242]DATA COLLECTION PROCEDURE
[bookmark: _Toc459104243]Cycle Testing Methodology
Multiple 4-bag FTP, HWFET and US06 tests were performed on the chassis dynamometer and the data was recorded.  The tests were performed according to the test procedure requirements specified in 40CFR§86 and 40CFR§1065 referencing relevant work instructions documented in accordance with NVFEL’s ISO 17025 accredited quality system.

[bookmark: _Toc459104244]Signal Collection and Time Alignment
CAN and dynamometer test data were recorded during the testing with separate data recorders.  To create a final data set, the CAN and dynamometer signals were synched to the nearest 0.1 second by comparing the vehicle speed trace present in both data sets and minimizing the difference.


[bookmark: _Toc459104245]DATA SET PROCESSING
[bookmark: _Toc459104246]Data Processing
Chassis dynamometer test data sets were processed in according to the test procedure requirements specified in 40CFR§86 and 40CFR§1065.  A set of software applications retrieved, transmitted, processed and stored test data in a specified manner described in procedures developed in support of NVFEL’s ISO 17025 accredited quality system.  
[bookmark: _Toc459104247]Data Quality Control 
NVFEL’s ISO 17025 accredited quality system uses quality control to ensure the accuracy and precision of laboratory tests to provide reliable, interpretable, repeatable and defendable results.  In accordance with the ISO/IEC 17025 standard, there are established procedures for monitoring the validity of the testing conducted including auditing, corrective action and continuous improvement.  Vehicle test packets are audited following approved processes prior to data release.  


[bookmark: _Toc459104248]RESULTS
At least two sets of tests (FTP, HWFET and US06 test cycles) were performed on each vehicle.  During each test, bag emissions and summary dynamometer data were recorded and used to determine cycle fuel economy.  A summary of the unadjusted fuel economy results for each test cycle is given in Table 4 below along with the combined city/highway fuel economy, calculated using a weighted 55/45% average for the FTP and HWFET.  The detailed test results for each test are provided in the files: 4d- 2014 Dodge Chargers 8-Speed FTP Emissions Results – Test Data, 4e- 2014 Dodge Chargers 8-Speed HWFET Emissions Results – Test Data and 4f- 2014 Dodge Chargers 8-Speed US06 Emissions Results – Test Data.  

Table 4: Fuel Economy Test Results
	Vehicle number
	FTP
(mpg)
	HWFET
(mpg)
	US06 
(mpg)
	Combined
(mpg)

	1
	22.69
	40.39
	24.90
	28.26

	1
	22.34
	40.01
	24.68
	27.88

	1
	22.68
	39.97
	25.46
	28.16

	1
	22.57
	40.15
	25.10
	28.11

	2
	23.28
	39.81
	25.99
	28.63

	2
	23.21
	40.31
	25.83
	28.68

	AVG 
	22.79
	40.11
	25.33
	28.29



In addition, data were obtained from the onboard vehicle CAN system during many, although not all, of the test cycles.  The CAN data were recorded at a 10 Hz frequency using the OBD port, a commercially available ValueCAN connector, and a laptop running “Krakspy,” a custom data-logging software developed by engineers at the EPA.  The CAN data recorded included vehicle-reported engine speed, engine torque, vehicle speed, transmission gear, and other engine and transmission parameters.  The data recorded are given in the files 4a- 2014 Dodge Chargers 8-Speed FTP Log Files – Test Data, 4b- 2014 Dodge Chargers 8-Speed HWFET Log Files – Test Data, and 4c-2014 Dodge Chargers 8-Speed US06 Log Files – Test Data for the indicated cycle.


[bookmark: _Toc459104249]UNCERTAINTY
The dynamometer and emissions data were collected according to the test procedure requirements specified in 40CFR§86 and 40CFR§1065 referencing relevant work instructions documented in accordance with NVFEL’s ISO 17025 accredited quality system.  Any uncertainty and test-to-test variation is controlled by adhering to the laboratory’s standard procedures.

The CAN data is reported by the vehicle and the instrumentation or calculations underlying the data have not been calibrated or checked by EPA.  Thus, the reported CAN data should, in general, be considered reference only.  Users should exercise good engineering judgement when determining the extent to which they wish to rely on CAN-reported values.


[bookmark: _Toc459104250]DISCUSSION AND DATA USAGE
The intent of this test was to determine vehicle behavior over standard vehicle cycles (FTP, HWFET, and US06) and to evaluate the effect of changing the transmission while keeping other vehicle attributes the same using 2014 Dodge Charger vehicles.  In general, the emissions and dynamometer data contained within this data set are good and can be used for multiple purposes.  

The overall project and the results of the detailed analysis conducted is described in more detail in SAE 2016-01-1142 [Effect of Advanced Automatic Transmissions on Fuel Consumption].pdf. [1] Additional investigation into fuel consumption variations and approximations for engine and drivetrain efficiencies conducted as part of this testing and the testing of the five-speed transmission is described in NCAT’s 2014 Dodge Charger Vehicles with 3.6L & W5A580 Tier 2 Fuel – Test Data Package.  Since the data were obtained from vehicles with the same engine and ECU, the comparison of values between the five- and eight-speed vehicles should provide reasonable estimations of the relative changes in efficiencies between vehicles.  

The data included in the supporting data files are reported as recorded from the test cell and have not been adjusted.  Care should be taken, however, when using the uncalibrated CAN signals; in particular, the update rates of some signals may not be as fast as 10 Hz, so that the actual frequency of data collection is lower than the nominal value.


[bookmark: _Toc459104021][bookmark: _Toc459104251]REFERENCES

[1] Moskalik, A., Hula, A., Barba, D., and Kargul, J., "Investigating the Effect of Advanced Automatic Transmissions on Fuel Consumption Using Vehicle Testing and Modeling," SAE Int. J. Engines 9(3):2016, doi: 10.4271/2016-01-1142.
                               
NCAT – National Center for Advanced Technology	8 of 8
National Vehicle and Fuel Emissions Laboratory – Office of Transportation and Air Quality    	 		
image2.wmf
 


image3.png
Fuel

Emissions

Fuel flow

CAN Data

Vehicle speed

Engine torque

Transmission in speed

Engine speed

Transmission gear

Torque
Converter

Fuel flow

CO2 Emissions

Transmission

Powertrain

Dyno speed ||

Dyno force

Dyno Data

Drivetrain &
Tires

Dyno





image1.png




